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ABSTRACT
We present the GALEX NUV (2310A˚) and FUV (1530A˚) galaxy luminosity functions of the nearby
cluster of galaxies A1367 in the magnitude range−20.3 ≤ MAB ≤ −13.3. The luminosity functions are
consistent with previous (∼ 2 mag shallower) estimates based on the FOCA and FAUST experiments,
but display a steeper faint-end slope than the GALEX luminosity function for local field galaxies.
Using spectro-photometric optical data we select out star-forming systems from quiescent galaxies
and study their separate contributions to the cluster luminosity function. We find that the UV
luminosity function of cluster star-forming galaxies is consistent with the field. The difference between
the cluster and field LF is entirely due to the contribution at low luminosities (MAB > −16 mag) of
non star-forming, early-type galaxies that are significantly over dense in clusters.
Subject headings: ultraviolet: galaxies – galaxies:luminosity function, evolution – galaxies: clusters:
individual (Abell1367)
1. INTRODUCTION
Recent determinations of the galaxy luminos-
ity function (hereafter LF) at various frequencies,
in various environments (i.e.De Propris et al. 2003;
Madgwick et al. 2002) and in a number of redshift
intervals (i.e.Ilbert et al. 2004) have improved our
knowledge of galaxy evolution and the role played by the
environment in regulating the star formation activity
of galaxies. The optical cluster LF is significantly
steeper than that in the field (Trentham et al. 2005).
This steepening is due to quiescent galaxies, more
frequent at low luminosities in clusters, while the LF
of cluster star forming objects is similar to that in the
field (De Propris et al. 2003). The causes of this dif-
ference might reside in the density-morphology relation
(Dressler 1980; Whitmore et al. 1993) and in particular
in the overabundance of dwarf ellipticals in rich clusters
(Ferguson & Sandage 1991), whose origin is corrently
debated in the framework of the environmental effects
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on galaxy evolution.
The ultraviolet emission UV( ∼ 2000 A˚), being
dominated by young stars of intermediate masses
(2 < M < 5 M⊙, Boselli et al. 2001) represents an
appropriate tool to identify and quantify star for-
mation activity. Before the launch of the Galaxy
Evolution Explorer (GALEX) a few balloon-borne
experiments had observed the sky at ultraviolet
wavelengths (Smith & Cornett 1982; Lampton et al.
1990; Kodaira et al. 1990). Among them, the FOCA
experiment (Milliard et al. 1991) allowed the first
determinations of the UV LF of local field galaxies
(Treyer et al. 1998; Sullivan et al. 2000) and of nearby
clusters (Donas et al. 1991; Andreon 1999; Cortese et al.
2003b). Combining the FOCA and FAUST data
Cortese et al. (2003a) determined the first composite
LF of nearby clusters. They found no significant
differences with the LF in the field. However this early
determination was affected by large statistical errors due
to the lack of sufficient redshift coverage for UV selected
galaxies and to the uncertainty in the UV background
counts (Cortese et al. 2003b). GALEX has opened a
new era of extragalactic UV astronomy. In particular
it provides for the first time precise UV photometry of
galaxies over large stretches of the sky (Xu et al. 2005),
thus making the background subtraction method more
reliable than in the past.
In this letter we present the first determination of the
UV (NUV and FUV) LF in a nearby cluster of galaxies
based upon GALEX measurements of galaxies brighter
than MAB ∼ −13.3 that extends two magnitudes
deeper than previous estimates (Cortese et al. 2003a).
Throughout this paper we assume for Abell 1367 a
distance modulus µ = 34.84 mag (Sakai et al. 2000),
corresponding to H0 = 70 km s
−1 Mpc−1.
2. UV DATA
GALEX provides far-ultraviolet (FUV; λeff =
1530A˚,∆λ = 400A˚) and near-ultraviolet (NUV; λeff =
2Fig. 1.— The redshift completeness per bin of UV magnitude in
Abell 1367.
2310A˚,∆λ = 1000A˚) images with a circular field of view
of ∼ 0.6 degrees radius. The spatial resolution is ∼5
arcsec. Details of the GALEX instrument can be found
in Martin et al. (2005) and Morrissey et al. (2005). The
data analyzed in this paper consist of two GALEX point-
ings of the Abell cluster 1367, with a mean exposure
time of 1460s, , centered at R.A.(J2000)=11:43:41.34
Dec(J.2000)=+20:11:24.0 (e.g. offset to the north of the
cluster to avoid a star bright enough to threaten the
detector). Sources were detected and measured using
SExtractor (Bertin & Arnouts 1996). The 100% com-
pleteness limit is mAB ∼ 21.5 both in FUV and NUV
(Xu et al. 2005). As the NUV images are significantly
deeper than the FUV, sources were selected and their pa-
rameters determined in the NUV. FUV parameters were
extracted in the same apertures. We used a larger SEx-
tractor deblending parameter compared to the standard
GALEX pipeline, providing reliable MAGAUTO also for
very extended sources. The calibration uncertainty of the
NUV and FUV magnitudes is ∼ 10% (Morrissey et al.
2005). Magnitudes are corrected for Galactic extinction
using the Schlegel et al. (1998) reddening map and the
Galactic extinction curve of Cardelli et al. (1989). The
applied extinction corrections are of 0.18 and 0.17 mag
for the NUV and FUV bands respectively. To avoid ar-
tifacts present at the edge of the field, we considered
only the central 0.58 deg radius from the field center.
A reliable star/galaxy discrimination was achieved by
matching the GALEX catalog against the deepest op-
tical catalogs available for A1367 (B < 22.5 mag and
r′ < 21 mag; Iglesias-Pa´ramo et al. 2003), using a search
radius of 6 arcsec, as adopted by Wyder et al. (2005) for
the estimate of the GALEX local field LF. The optical
catalogs do not include a negligible part (∼ 0.09 square
degrees) of the GALEX field. A total number of 292
galaxies in the FUV and of 480 galaxies in NUV with
mAB ≤ 21.5 are detected in the ∼ 0.96 square degrees
field (∼ 2.5Mpc2) analyzed in this work.
3. THE LUMINOSITY FUNCTION
TABLE 1
Best Fitting Parameters.
Band Sample Schechter Parameters
M∗ α
NUV A1367 −19.77± 0.42 −1.64± 0.21
NUV F ield −18.23± 0.11 −1.16± 0.07
FUV A1367 −19.86± 0.50 −1.56± 0.19
FUV F ield −18.04± 0.11 −1.22± 0.07
UV(2000A˚) Composite cluster −18.79± 0.40 −1.50± 0.10
The determination of the cluster LF requires a
reliable estimate of the contribution from back-
ground/foreground objects to the UV counts. This can
be accurately achieved for mAB ≤ 18.5, since at this
limit our redshift completeness is ∼ 90 % (Cortese et al.
2003b, 2004; see Fig. 1).
The redshift completeness drops rapidly at magnitudes
fainter than mAB ∼ 18.5, thus requiring the contami-
nation to be estimated statistically. Two methods are
usually applied for the computation of cluster LFs. The
first one is based on the statistical subtraction of field
galaxies, per bin of UV magnitude, that are expected to
be randomly projected onto the cluster area, as derived
by Xu et al. (2005). Alternatively, the completeness cor-
rected method proposed by De Propris et al. (2003) is to
be preferred when the field counts have large uncertain-
ties. It is based on the assumption that the UV spectro-
scopic sample (e.g. membership confirmed spectroscop-
ically) is ’representative’ of the entire cluster, i.e. the
fraction of galaxies that are cluster members is the same
in the (incomplete) spectroscopic sample as in the (com-
plete) photometric one. For each magnitude bin i we
count the number of cluster members NM (i.e. galax-
ies with velocity in the range 4000<V<10000 km s−1;
Cortese et al. 2004), the number of galaxies with a mea-
sured recessional velocity NZ and the total number of
galaxies NT . The ratio NZ/NT , corresponding to the
redshift completeness in each magnitude bin is shown
in Fig.1. The completeness-corrected number of cluster
members in each bin is Ni = (NM ×NT )/NZ .
NT is a Poisson variable, and NM is a binomial variable
(the number of successes in NZ trials with probability
NM/NZ). Therefore the errors associated with Ni are
given by (δ2Ni/N
2
i ) = (1/NT ) + (1/NM )− (1/NZ). The
NUV and FUV LFs using both methods (see Fig 2) are
in good agreement for MAB ≥ −14.3. In the last bin the
two methods are inconsistent as the completeness cor-
rected method predicts a higher slope than the statistical
background subtraction. This disagreement is likely due
to the severe redshift incompleteness for MAB ≥ −14.3.
In any case we take the weighted mean of the two deter-
minations.
Due to the small number of galaxies populating the
high luminosity bins (i.e. only three objects brighter
than MAB ∼ −18.3), the LFs are not well fitted with
a Schechter function (Schechter 1976): the best-fit M∗
turns out to be brighter than the brightest observed
galaxy.For this reason we first determine the faint-end
(−18.3 ≤ MAB ≤ −13.3) slope in each band, fitting the
LFs with a power law (Φ(M) = c 10kM ) by minimizing
3Fig. 2.— The GALEX NUV (left) and FUV (right) LF for Abell 1367. Open dots are obtained using the subtraction of field counts
obtained by Xu et al. (2005); filled dots are obtained using the completeness corrected method. The solid line represents the best Schechter
fit. The dotted line shows the composite nearby clusters 2000 A˚ LF by (Cortese et al. 2003a). The dashed line represents the GALEX
local field LF (Wyder et al. 2005), normalized in order to match the cluster LF at MAB ∼ −17.80.
Fig. 3.— The NUV (left) and FUV (right) bi-variate LF of A1367. Star-forming and quiescent galaxies are indicated with empty triangles
and filled squares respectively. The dashed line represents the GALEX local field LF (Wyder et al. 2005), normalized as in Fig.2
χ2. The α parameter of the Schechter function can be
derived from k using the relation α = −(k/0.4+1). Then
we fit the LFs with a Schechter function, keeping α fixed
to the value previously obtained. This is not the canon-
ical Schechter fit, but it provides a more realistic set of
parameters than using a three-free-parameter fit. The
best fit parameters and their errors are listed in Table.1.
In order to separate the contribution to the LF
of star-forming from quiescent galaxies, we divide
the sample into two classes. Using Hα imaging
data (Iglesias-Pa´ramo et al. 2002; Gavazzi et al. 1998,
2002, 2003) and optical spectroscopy (Cortese et al.
2003b, 2004) we can discriminate between star-forming
(EW (Hα) > 0 A˚) and quiescent (EW (Hα) = 0 A˚) ob-
jects. Unfortunately neither UV field counts for different
morphological types nor a measure of EW (Hα) for all
the UV selected galaxies are available. Thus we can only
apply the completeness corrected method to determine
the bi-variate LFs. We assume that in each bin of mag-
nitude the fraction of star-forming and quiescent cluster
members is the same in the (incomplete) spectroscopic
sample as in the (complete) photometric sample. The bi-
variate LFs derived by this method are shown in Fig.3.
4. DISCUSSION
As shown in Fig.2, the GALEX LFs have a shape con-
sistent to the composite LF of nearby clusters as con-
structed by Cortese et al. (2003a). Conversely, whatever
fitting procedure one adopts, they show a steeper faint-
end slope and a brighter M∗ than the GALEX field
LF recently determined by Wyder et al. (2005). The
brighter M∗ observed in Abell1367 is probably to be as-
cribed to the particular galaxy population of this cluster.
In fact Abell 1367 is a young cluster of galaxies com-
4Fig. 4.— The FUV-NUV color magnitude relation for confirmed
members of A1367. Symbols are as in Fig.3
posed of at least four dynamical units at the early stage
of a multiple merging event (Cortese et al. 2004). Some
galaxies have their star formation enhanced due to the
interaction with the cluster environment, and it is this
population that is responsible for the brightM∗ observed
in this cluster.
Conversely the high faint-end slope observed in this clus-
ter is due to the significant contribution of non star-
forming systems at faint UV magnitudes. In fact, as
shown in Fig.3, star-forming galaxies dominate the UV
LF for MAB ≤ −17 mag, as Donas et al. (1991) con-
cluded for the first time. For MAB ≥ −16 mag however,
the number of red galaxies increases very rapidly1. This
result is consistent with an UV LF constructed start-
ing from the r′ LF computed by Iglesias-Pa´ramo et al.
(2003): assuming a mean color NUV − r′ ∼ 1 mag and
NUV −r′ ∼ 5 for star-forming and quiescent galaxies re-
spectively, we are able to reproduce the contribution, at
low UV luminosities, of elliptical galaxies. We conclude
that a significant fraction of the low luminosity UV emis-
sion comes from extreme Horizontal Branch stars and
their progenitors (O’Connell 1999). This conclusion is
reinforced by the FUV-NUV color magnitude relation
(computed only for confirmed cluster members) shown
in Fig.4. The star-forming objects dominate at high
UV luminosities while the quiescent systems contribute
more at faint magnitudes. Their mean FUV-NUV color
is ∼ 1.5 mag thus they influence the LF at higher lumi-
nosities in the NUV than in the FUV (see Fig.3). Finally,
the LFs of cluster star-forming systems have a faint-end
slope (α ∼ −1.25 ± 0.2) consistent within the statisti-
cal uncertainties with the GALEX field LF. This result
is expected since in the field the fraction of quiescent
systems is significantly lower than that of star forming
objects (Dressler 1980; Whitmore et al. 1993), thus their
contribution to the LF is negligible.
GALEX (Galaxy Evolution Explorer) is a NASA Small
Explorer, launched in April 2003. We gratefully acknowl-
edge NASA’s support for construction, operation, and
science analysis for the GALEX mission, developed in co-
operation with the Centre National d’Etudes Spatiales of
France and the Korean Ministry of Science and Technol-
ogy. This research has made extensive use of the GOLD-
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1 The bi-variate LFs cannot be compared with the ones com-
puted by Treyer et al. (2005) for the field, since their samples do
not contain ellipticals but only spiral galaxies.
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